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CHARACTERISTICS OF A DELTA-WING AIRCRAFT AT 
SUPERSONIC SPEEDS* 
B y  Richard H. Petersen 
Six-component force t e s t s  were conducted a t  k c ' n  ii-abcrs nf 3.0, 3 . 5 ,  
and 4.0 on a canard, delta-wing a i r c ra f t  configuration t o  determine the  
e f f ec t s  of wing-tip droop on performanee and s t a b i l i t y .  Wing-tip areas 
up t o  90° about streamwise hinge l ines  and hinge l i n e s  canted inward as 
much a s  8'. The incremental changes i n  performance and s t a b i l i t y  due t o  
the  various forms of wing-tip droop are compared with estimates based on 
l inear ized theories.  
.) varying from 4 t o  16 percent of the  t o t a l  wing area were drooped t o  angles 
I n  general, drooping t h e  wing t i p s  of t he  tes t  configuration resulted 
i n  forward sh i f t s  i n  the  aerodynamic center, increases i n  d i rec t iona l  
s t a b i l i t y ,  and decreases i n  the  maximum l i f t -drag  r a t i o  (untrimmed). Mod- 
era te ,  but s ignif icant ,  decreases i n  longitudinal s tab i l i ty  and increases 
i n  d i rec t lons l  s t .abi l i ty  were obtained i n  many cases with r e l a t ive ly  s m a l l  
performance penalties.  For example, a t  i3. Xxh mmber of 3.0,  one config- 
uration of t i p  droop produced, re la t ive t o  the  straight-wing model, a 
forward shif t  i n  aerodynamic center of 4-1/2 percent of t he  mean aerody- 
namic chord and an increase i n  the  direct ional  s t a b i l i t y  derivative of 
O.OOO5 per  degree while t he  m a x i m u m  l i f t -drag  r a t i o  w a s  decreased l e s s  
than 1 percent. 
i n  d i rec t iona l  s t a b i l i t y  were obtained with other configurations, but the  
associated performance penal t ies  were more severe. 
Larger reductions i n  longitudinal s t a b i l i t y  and increases 
Estimated values of the  incremental changes i n  performance and s ta-  
b i l i t y  due t o  drooping the  wing t i p s  were i n  f a i r l y  good agreement with 
t h e  measured values. 
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INTRODUCTION I 
Two aerodynamic problems associated with the  development of e f f i c i en t  - 
supersonic a i r c r a f t  a re  the decrease i n  d i rec t iona l  s t a b i l i t y  with 
increasing supersonic Mach number and the large s tab i l iz ing  s h i f t  i n  
aerodynamic center during t r ans i t i on  from subsonic t o  supersonic f l i g h t  
speeds. 
larger  v e r t i c a l  s tab i l iz ing  surfaces than a re  necessary at subsonic or 
low supersonic speeds, and it must have large longitudinal control  sur- 
faces to provide maneuverability and t r i m  a t  supersonic speeds. Thus the 
requirements f o r  d i rec t iona l  s t a b i l i t y  and longitudinal control  r e su l t  i n  
increases i n  drag and corresponding reductions i n  the  trimmed l i f t -d rag  
r a t i o  a t  supersonic speeds. 
To compensate f o r  these phenomena the a i r c r a f t  usually must carry 
One method of reducing the performance penal t ies  associated with 
these s t a b i l i t y  problems i s  t o  droop a portion of the  wing t i p  about 
essent ia l ly  streamwise hinge l i nes  a t  supersonic speeds. I f  the  wing 
i s  of sweptback or de l t a  plan form, the  area drooped w i l l  be a t  the  rear  
of the wing, and a forward s h i f t  i n  aerodynamic center w i l l  be induced. 
A t  the same t i m e ,  d i rec t iona l  s t a b i l i t y  w i l l  be improved a s  a r e s u l t  of 
t h e  addition of v e r t i c a l  s tab i l iz ing  area a f t  of t he  airplane center of 
gravity. 
cause some loss i n  l i f t -curve  slope, but the  reduction i n  the  t r i m  drag 
and the drag of the v e r t i c a l  f i n  may more than compensate f o r  t h i s  loss  
i n  l i f t .  Thus, it maybe possible t o  improve the  t r i m e d  maximum lift- 
drag r a t i o  of an a i r c r a f t  by drooping i t s  wing t i p s  a t  supersonic speeds. 
# 
The re,sulting decrease i n  e f fec t ive  l i f t i n g  area w i l l  of course 
Some experiments have been conducted t o  evaluate the  e f f ec t s  of wing- 
However, these and other t e s t  r e s u l t s  provide only 
t i p  droop a t  high supersonic speeds ( r e f s .  1, 2, and 3) and a t  l o w  super- 
sonic speeds ( r e f .  4) .  
limited information on the  e f f ec t s  of varying the amount of t i p  drooped, 
the  angle of droop, and the  wing-tip hinge-line cant angle. The purpose 
of the present paper i s  t o  present experimental r e s u l t s  showing the  
effects  of systematic var ia t ions of these wing-tip geometry parameters 
on the  performance and s t a b i l i t y  of a representative a i r c r a f t  a t  super- 
sonic speeds. These e f f ec t s  were evaluated from t e s t s  of a number of 
configurations with various spanwise hinge-line locat ions,  hinge-line 
cant angles, and wing-tip droop angles. 
canard, delta-wing a i r c r a f t  was  used i n  these t e s t s ,  t he  r e s u l t s  should 
be roughly applicable t o  any delta-wing a i r c r a f t  with drooped wing t i p s .  
Although a ra ther  specialized 
Estimates of the  incremental e f f ec t s  of drooping the  wing t i p s  were 
made by means of l inear ized theories ,  and these estimates were compared 
with the measured incremental changes i n  aerodynamic charac te r i s t ics .  
4 
3 
SYMBOLS 
., 
b wing span 
C y  wing root chord 
- 
c wing mean aerodynamic chord 
u drag coeff ic ient ,  - 
CIS 
L l i f t  coeff ic ient ,  - 
qs 
rolling-moment coeff ic ient ,  
pitching-moment coeff ic ient ,  
yawing-moment coeff ic ient ,  ~ 
ro l l ing  moment 
qsb 
pitching moment 
qsF 
yawing moment 
qsb 
side force side-force coeff ic ient ,  
¶.s 
drag 
l i f t  
Mach number 
stream dynamic pressure 
bcr  wing reference area,  -
area  of deflected ~5r ;g  t i p s  
2 
angle of a t tack,  measured between stream di rec t ion  and wing center  
plane 
angle of s ides l ip ,  measured between stream di rec t ion  and v e r t i c a l  
plane of symmetry 
canard incidence angle, measured between canard center plane and 
wing center plane, pos i t ive  when the  canard angle of a t t ack  i s  
greater  than t h e  wing angle of a t tack  
wing-tip droop angle, measured between wing-tip center  plane and wing 
center plane, posi t ive when the wing t i p  i s  deflected downward 
I 
w wing-tip hinge-line cant angle, measured between wing-tip hinge l i n e  
and v e r t i c a l  plane of symmetry, posi t ive when the  forward portion 
of the hinge l i n e  i s  
I 
4 
Pre f ix  
a incremental change due t o  wing-tip droop 
Subscripts 
0 
m a x  
a 
P 
con,iitions a t  CL = 
m a  firnun1 
r a t e  OP change w i t h  CL a t  a = Oo, per  radian 
r a t c  of change with P a t  3 = Go, per  deg 
Spbols used exclusively i n  the  appendix a r e  d.efined where used. 
L i f t  ana drag coeffic:ient.s a r e  referred t o  winci axes: sj de-force coeffi-  (. 
cients  and. a l l  rzoin~nh cc::l’flcleiiio a r e  referred t o  body axes. 
dynarr5.c coeff ic ients  a r e  lx~,seC~ 011 t h e  area,  mean aerodynamic chord, and 
span of t l!e cornpI..ete del tx  wing with t i p s  undrooped, 
All zero- 
EXPERIMENT 
Apparatus and Tests 
The t e a t c  xiere conducted i n  the A m e t  10- by 14-inch supersonic wind 
tunnel a t  ibch  numbers of 3.0, 3 . 5 ,  and 4.0. The 10- by 14-inch tunnel 
is described i n  reference 5 .  Normal, axial, and side forces and pitch- 
ing,  y m i n ~ ,  and ro l l ing  moments were measured with a six-componer 1; s t ra in-  
Gage b d a n c e .  
the  remJining half extended rearward t o  the  tunnel  s t ing  mount. The 
externdl portion; ol” the  balance were shielded t o  prevent the  d i r ec t  
act ion of aerodynamic forces upon the  balance. 
antle-ol’-dttack ran&e w a s  f r o m  about -lo t o  about +8O; i n  a few cases 
thi., r d y e  was eLutended t o  include angles of a t tack  from about -3’ t o  
a’uout +1Zo .  Tlie d i rec t iona l  and l a t e r a l  data  were obtained t l i rounh a 
range 01’ ride.. l i p  =In[ Les from -4’ t o  +bo a t  an angle of a t tack 01 approxi- 
mately +3-1/2O. 
4pproximately half of t he  balarze projected i n t o  the  model; 
I n  most cases the  t e s t  
A t  well data point,  the  base pressure on the  body w a s  mea.;ured, arid 
tlie body h ; ,e  drag, determined from the  difference between the meaLJured 
bdL,,e pred.,ure and the free-stream s t a t i c  pressure,  w a s  subtracted from t’tie 
T)pk ‘i., ~ ..... ..+; 
* 
r 
A 
2 
Y' 
. 
5 
measul-ed ax ia l  force.  The normal- and axial-force data were then comerted 
t o  wind axes t o  obtain CL and CD. The side forces and the  pitching, yaw- 
ing, and ro l l ing  moments were retained in  body axes. 
Wind-tunnel cal ibrat ion data were employed i n  combination with 
stagnation-pressure measurements t o  obtain the  stream s t a t i c  and dynamic 
pressures.  
t he  model wing, were : 
Test Reynolds numbers, based on the mean aerodynamic chord of 
Mach nunber Reynolds nurnber 
-"- 
3 -0 
3 - 5  
4.0 
Model 
3 .?2106 
3 . gx1.0" 
3 .2X1O6 
A sketch of the t e s t  rilodel and i t s  pertinent geometric properties i s  
shown i n  f igure 1. 
mounted below the  rear  portion of a. long fusel.a,ge. A canard- con tml  sur- 
face was mounted on the  fuselage folmard an2 sanewhat above the  whg .  An 
engine in s t a l l a t ion  w a s  simulated by a wedge 'oenea';h the  wi.ng. A boundary- 
layer  channel, located between the wing apex and the  fuselage, was 
designed t o  prevent the  foreb0d.y boundary layer from reaching the  simulated 
engine in s t a l l a t ion .  The rear  section of the fuselage wars widened t o  
accommodate the  balance. 
The basic configuration consisted of a de l t a  wing 
Five wings were constructed t o  al1.c.w the -5esting of t he  various wing- 
t i p  hinge l i nes .  Each wing was grooved &.long a different  hinge l ine ,  and 
the  wing t i p s  iqere bent i n  successive incr?-me>Ls damward. A t  each 
desired angle of wbg-t ip  Cii-Gcp, .the hlngc.-iine grooves were f i l l e d  with 
solder and smoothed in to  the  ving con-tmrs before the  t e s t s .  
The e f fec t  of va.r;)ri,ng th.e ?mount of vlng drooped w a s  determined with 
three of the  wings which had streamwise hEnge l ines  such tha t ,  respec- 
t i ve ly ,  4, 9, and 16 percent of t he  wing area was Zrooped. The spanwise 
locations of these hinge l i nes  w'ere, respectively, 80, 70, and 60 percent 
of t h e  wing semispan from the ?nodel ve r t i ca l  plane G f  symmetry. On the  
remaining two wings the hinge l ines  were located so t ha t  9 percent of the  
wing area of each wing w a s  drooped, but the hinge l i nes  were canted inward 
by 4' and 8' ( f i g .  l ( b ) ) .  The wing t i p s  of the configuration with 9 per- 
cent of i t s  wing area. drooped about uncanted hinge l ines  were drooped 
downward i n  increments of 1 5 O  u n t i l  they reached the go0, f u l l y  deflected, 
pos i t ion .  Tne wing t i p s  of the  other four configurations were drooped 
downward i n  increments of 30@. 
no t i p  droop so t h a t  any- effec-ts sf small geometric differences i n  the  
f i v e  wings could be eliminated from the  incremental data.  
A11 f i v e  vings were i n i t i a l l y  tes ted  with 
6 
M CL CD Cm CYp 9 CnP 9 czp J a, 
deg pe r  deg per  deg per  deg 
' 3.0 k0.003 kO.OOO3 kO.oOO5 +0.0001 50.00003 +0.00004 50.1 
3 * 5  -003  .0003 ,0005 .mol .00003 .00004 .1 
4.0 .003 .0004 .0007 .0002 .00004 .00006 .1 
- 
* -.' The twin v e r t i c a l  f i n s  shown i n  f igure 1(a) were attached t o  the  
wing having 4 percent of i t s  area drooped about uncanted hinge l ines ;  the  
other  four wings had no f i n s .  
from the leading edge of the  v e r t i c a l  f i n s  indicates  t ha t ,  within the  
t e s t  Nach number range, no in te rac t ion  between the  f i n s  and the  &-percent 
wing t i p s  with the  uncanted hinge l i n e s  should occur. 
The estimated posi t ion of the  Mach l i n e  
The canard control  surface w a s  t es ted  a t  incidence angles of Oo, 3 O ,  
. 
and 6' r e l a t ive  t o  the  wing, both with the  wing t i p s  undrooped and with 
16 percent of t he  wing area drooped 90' about an uncanted hinge l i n e .  
comparative purposes, t he  model w a s  a l so  t e s t ed  without t he  cy l indr ica l  
fuselage section containing the  canard. 
( f i g .  l (a))  was t e s t ed  with t h e  wing t i p s  undrooped. 
For 
This short-nose configuration 
The moment reference center fo r  a l l  tes ts  was  located a t  23 percent 
of the  mean aerodynamic chord and i n  the  center plane of the  wing. 
Accuracy of Test Results 
The accuracy of t he  t e s t  r e s u l t s  w a s  influenced by uncertaint ies  i n  
the  measurements of forces and moments and i n  t h e  determination of stream 
s t a t i c  and dynamic pressures and angles of a t tack  and s ides l ip .  These 
uncertainties resul ted i n  estimated maximum e r rors  i n  the  t e s t  r e s u l t s  
as shown i n  t h e  following table:  
It should be noted tha t ,  f o r  t he  most p a r t ,  t h e  t e s t  r e s u l t s  presented 
herein are i n  e r ro r  by less than these estimates.  
F33ULTS AND DISCUSSION 
The complete experimental r e s u l t s  of t he  tes t s  are presented i n  
t ab le  I. L i f t ,  drag, and pitching-moment coef f ic ien ts ,  angles of a t tack ,  
l i f t -drag  r a t io s ,  and the  side-force, d i rec t iona l ,  and l a t e r a l  s t a b i l i t y  
derivatives a re  l i s t e d  f o r  each of t h e  model configurations a t  Mach nun- 
bers of 3.0, 3.5, and 4.0. 
A 
2 
5 
6 
L 
! -  
A 
2 
5 
6 
e m  0 0  m a  a m 0  
m o m  m m m  o m m  
o m o m  m a  0 
m o m  m m m  0 0 
m a  m m m  am 
I n  t ab le  I1 the  incremental changes i n  
m m m  0 m o o  a m  
m o  m m  m a  
a m  e m o  
a m  a m  0 .  
m m m  a 0  
7 
performance and s t a b i l i t y  due - 
t o  wing-tip droop, canard deflection, and t h e  addition of v e r t i c a l  f i n s  
are tabulated.  For reference, t he  aerodynamic charac te r i s t ics  of t he  basic  
configuration ( f i n s  of f ,  canard incidence angle of 3 O ,  wing t i p s  undrooped) 
are a l so  l i s t e d .  
r e s u l t s  of t h e  several  tests of t he  basic model configuration. 
These charac te r i s t ics  were obtained by averaging the  
Typical p l o t s  of t he  l i f t ,  drag, and pitching-moment charac te r i s t ics  
with varying angle of a t tack  a re  presented i n  f igure  2. The data shown 
are f o r  t h e  basic configuration and the  configuration with 9 percent of 
t he  wing area drooped 90° about streamwise hinge l i n e s .  The large rear- 
ward s h i f t  i n  aerodynamic center at angles of a t t ack  higher than 5 O  t o  
7' does not appear t o  be due t o  wind-tunnel wall interference o r  canard 
s ta l l ,  and published data  from tes t s  of models with similar canard and Wing 
placements do not show a similar s h i f t  i n  aerodynamic center.  However, 
as indicated i n  figure 2, there  was no s h i f t  i n  aerodynamic center when 
the  short-nose configuration with no canard was t e s t ed  which indicates  
that the s h i f t  prs?xbly w a s  due t o  some form of canard i n t e r f e r e n h -  
I n  the  following discussion, t h e  incremental changes i n  aerodynamic 
charac te r i s t ics  induced by drooping the wing t i p s  of t h e  basic  configura- 
t i o n  are examined and compared with the incremental changes estimated with 
t h e  ana ly t ica l  methods outlined i n  the appendix. 
t he  twin v e r t i c a l  f i n s  and of changing t h e  canard incidence angle are a l so  
discussed b r i e f l y  . 
The ef fec ts  of adding 
Longitudinal S t a b i l i t y  
The changes i n  Cmo and aerodynamic-center location due t o  wing-tip 
droop 81-2 s h a a  i n  f igures  3 and 4. Estimated values of OC, and aero- 
dynamic center s h i f t  a re  presented fo r  c o q a r i s o n  With the  experimental 
data .  The e f fec ts  of varying the spanwise locat ion of t he  wing-tip hinge 
l i n e  are i l l u s t r a t e d  i n  f igure 3, w h i l e  the  e f f ec t s  of canting the  hinge 
l i n e  appear i n  f igure 4. 
I n  general, t he  experimental values of AC% differed from the  esti-  
mated values by a negative increment which appeared t o  be dependent on 
wing-tip droop angle. This nose-down increment i n  ACm, i s  believed t o  
be pr imari ly  due t o  the  influence of t he  7' semiapex-angle wedge located 
beneath the  wing of the  t e s t  configuration. 
roughly similar, but opposite i n  sign, t o  the  increment induced by canting 
t h e  wing-tip hinge l i n e  s l i gh t ly  inward ( f i g .  4), it appears l i k e l y  t h a t  
t h e  wedge beneath the  wing causes the streamlines i n  the  region of t h e  
wing t i p  t o  be canted outward s l igh t ly .  
induce l i f t i n g  pressures on the undersurface of t he  deflected t i p  and on 
t h e  lower surface of t he  wing i n  the region of t i p  interference,  which 
would lead t o  negative increments i n  ACm.  
Since t h i s  increment i s  
This stream deflect ion would 
8 
The forward s h i f t s  i n  aerodynamic center induced by drooping the  
wing t i p s  are i n  f a i r l y  good agreement with the  values estimated by calcu- 
l a t i n g  the  theore t ica l  l o s s  i n  l i f t  a t  the  t i p .  
of i t s  area drooped 900 yielded the  largest  s h i f t s  i n  aerodynamic center 
(roughly 8 t o  10 percent of the mean aerodynamic chord). 
canting the wing-tip hinge l i n e  had only a s l igh t  effect  on the  s h i f t  i n  
aerodynamic center. 
The wing with 16 percent 
A s  expected, 
Directional and Lateral S tab i l i ty  
The direct ional  and l a t e r a l  data were p lo t ted  re la t ive  t o  s ides l ip  
angle, P ,  and the  derivatives, Cyp, CnP, and C l  
p lo t s .  Because the t e s t  resu l t s  were essent ia l ly  l i nea r  within the  +bo 
range o€ sidesl ip  angles, only these derivatives a re  presented and dis-  
cussed herein. 
and Clp arc plotted and compared with the estimates of the  changes i n  
these derivatives. It i s  apparent t h a t  the  estimates show the  s m e  t rends 
as  the eTerimental  data.  Eowever, t he  estimates a re  considerably higher 
than the measured values, especially a t  the  lower Mach numbers. 
the experimental values of ACy ACn , and ACz a re  roughly 50, 60, 
and 90 percent of the  estimated values a t  
t i ve ly .  
were evaluated from the  
P' 
I n  figures 5 and 6 the  incremental changes i n  Cyp, Cnp? 
I n  f ac t  
P '  P P M = 3.0, 3.5 ,  and 4.0, respec- 
P '  It should be noted t h a t  the estimated incremental changes i n  Cy Cnp, and C z p  
are  €or a =" 3-1/2O. 
angle of a t tack would resu l t  i n  large differences i n  t h e  incremental 
changes i n  direct ional  and l a t e r a l  s t a b i l i t y  induced by wing-tip droop. 
are  f o r  a = Oo while the  wind-tunnel resu l t s  presented 
Hoisever, it i s  unlikely t h a t  t h i s  difference i n  
The most probable explanation of the  discrepancies between the  e s t i -  
mated and experimental values of ACyp, ACnp, and ACz 
assumptions used i n  making the estimates were too simplified. 
implicit ly assumed i n  making the  estimates t h a t  t h e  wing acted as a t i p  
p l a t e  for t h e  drooped wing t i p ,  and therefore t h a t  the  wing t i p  had the  
same character is t ics  as  one half of a complete de l t a  wing. 
s i s t en t  with the  assumption t h a t  t he  drooped wing t i p  ac t s  as a t i p  p l a t e  
f o r  t he  wing, but obviously neither of these assumptions i s  accurate, 
especially on the  upper surface of the wing and the  outer surface of t he  
wing t i p .  In f ac t  a more accurate predict ion of t h e  e f fec t  of the  drooped 
wing t i p  might be obtained if' it i s  assumed t h a t  t he  pressure d is t r ibu t ion  
on the  outer surf'ace of the  wing t i p  w a s  not influenced by the  wing, and 
i f  t h i s  pressure dis t r ibut ion i s  calculated as if t h e  wing t i p  had a f r ee  
edge a t  i t c  hinge l ine .  This method of estimation would reduce the  e s t i -  
mated values o€ L C y  ACn , and Acz  by roughly 20 percent i n  t h e  t e s t  
i s  tha-6 the  P It w a s  
This i s  con- 
Mach number range. P '  P P 
9 
was approximately +0.0008 
per  degree f o r  the configurations with considerable amounts of wing-tip 
droop. For similar amounts of droop, canting the  wing-tip hinge l i nes  
inward 4' resul ted i n  fur ther  increases i n  AC of a s  much a s  0.0002 
per  degree. 
CnP The m a x i m u m  incremental change i n  
Drooping the wing t i p s  a l so  resul ted i n  sizable increases i n  
with the  maximum increase occurring a t  approximately 50' of droop. 
czP  
Performance P 
The measured and the  estimated incremental changes i n  C b ,  C D ~ ,  
c&, and ( L / I I ) ~ ~  due t o  wing-tip droop a re  presented i n  f igures  7, 8, 
9 ,  and 10. 
A s  shown i n  f igures  7 and 8, there  w a s  some loss  i n  
CLa 
as  a r e s u l t  
of drooping the wing t i p s ,  although, i n  general, t h i s  loss  was l e s s  than 
predicted from the ea lcu l l t ions  of loss of lift i n  the t i p  region (see 
appendix). A s  expected, the  addi t ional  e f f ec t  of caritlilg t h e  vzi-n-g-tip 
hinge l i n e s  was negligible.  The var ia t ion between the  estimated and 
experimental values of ACL, i s  again believed t o  be associated with the  
interference e f f ec t  due t o  the  wedge beneath the  wing of the t e s t  config- 
uration, as was  discussed with regard t o  t he  ACm induced by wing-tip 
droop. 
The incremental changes i n  (L/D)max due t o  wing-tip droop are  
compared with the  estimated values i n  f igures  9 and 10. There i s  consid- 
erable  s c a t t e r  i n  the  data but,  i n  general, t he  experimentally determined 
incremental losses  i n  (L/D)max were l e s s  than estimated. This may be 
a t t r i bu ted  ch ief ly  t o  the  f a c t  t h a t  the values of 
higher than those estimated, while 
the  estimate6 -;slues, A s  a r e su l t ,  for  droop angles up t o  t h e  order of 
45O, l i t t l e  o r  no lo s s  i n  (L/D),x occurred. 
CL, were somewhat 
followed more closely C D ~  and C b  
In  f igure 11 the  var ia t ions i n  Cnp and aerodynamic-center location 
a re  p lo t ted  a s  functions of the change i n  
urat ions u t i l i z i n g  wing-tip droop. It i s  apparent t h a t ,  i n  general, there  
i s  a f a i r l y  good correlat ion between the changes i n  d i rec t iona l  and longi- 
t ud ina l  s t a b i l i t y  and the  corresponding changes i n  (L/D)max when the  
wing t i p s  a re  drooped. 
percent of i t s  area drooped about a hinge l i n e  canted inward 4' produced 
the  la rges t  changes i n  d i rec t iona l  and longitudinal s t a b i l i t y  f o r  a given 
penal ty  i n  (L/D)max. A t  M = 3 drooping t h i s  wing t i p  600 resul ted i n  
an increase i n  
aerodynamic center of 4-1/2 percent of the  mean aerodynamic chord, while 
(L/D),, 
(L/D)max f o r  a l l  the  config- 
Of the  configurations tes ted ,  the wing with 9 
of 0.0005 per  degree and a forward s h i f t  i n  the  
cnP 
was decreased by l e s s  than 0.05. 
10 
Effects  of Adding Vert ical  Fins 
The incremental changes i n  aerodynamic charac te r i s t ics  due t o  the  
addition of the twin v e r t i c a l  f i n s  a re  tabulated i n  t ab le  11. Because of 
t h e  close proximity of the  f i n s  t o  the expanded afterbody of the fuselage, 
some body-fin interference may have existed,  but t he  incremental changes 
due t o  the f i n s  do provide some basis f o r  comparison with the  incremental 
changes due t o  wing-tip droop. 
about 16 percent of t he  wing area and they pro uced an increase In  
of roughly 0.0010 per  degree, a decrease i n  Cz of about 0.0002 per  
degree, and a loss  i n  
The f i n s  had a t o t a l  plan-form area of 
d CnP 
(L/D)max of roughly 0.58. 
Effects  of the Canard Control Surface 
The e f f ec t s  of varying the canard incidence angle were determined 
both with the  wing t i p s  undrooped and with 16 percent of the wing area 
drooped 90'. The second configuration was chosen t o  determine whether 
there  might be any s ignif icant  in te rac t ions  between the  drooped wing t i p  
and the canard when the canard incidence angle was varied.  
In  f igure 12 the  aerodynamic charac te r i s t ics  of the  configuration 
with no t i p  droop and the  configuration with 16 percent of i t s  wing area 
drooped 90' are  p lo t ted  a s  functions of t he  canard incidence angle. The 
var ia t ion of  each aerodynamic charac te r i s t ic  with varying canard incidence 
angle was approximately the  same whether t he  t i p s  were drooped or 
undrooped, indicating t h a t  there  was l i t t l e  in te rac t ion  between the  
drooped wing t i p  and the  canard when t h e  canard incidence angle was varied.  
A s  expected, the  canard was qui te  e f fec t ive  i n  increasing 
wils a concurrent, sizable loss i n  
C k ,  but there  
(L/D)max. 
A fur ther  t e s t  was made with the  canard and a section of the  fuselage 
removed. 
incremental changes due t o  t h i s  modification a re  presented i n  tab le  I1 
under the designation "short  nose." 
i n  drag and increased the  (L/D)max by roughly 0.30. It was impossible 
t o  evaluate the  e f f ec t  on 
reduction i n  forebody length a l so  influenced 
The reduction i n  fuselage length was about 17 percent. The 
Removing the  canard caused a decrease 
CnP 
of removing the  canard since the associated 
Cnp. 
CONCLUDING REMARKS 
In  general, drooping the  wing t i p s  of t he  t e s t  configuration a t  Mach 
numbers Of 3.0, 3.5,  and 4.0 resul ted i n  increases i n  d i rec t iona l  s t a b i l i t y  
and decreases i n  longitudinal s t a b i l i t y  with small reductions i n  (L/D) max- 
r 
1A 
2 
5 
6 
- 9  
0 a e earn e a  - - -  - - 
11 
of up t o  0.0005 per degree and forward s h i f t s  of the  Increases i n  
aerodynamic center of as much as 4 percent of the  mean aerodynamic chord 
were obtained by configurations which suffered penal t ies  of l e s s  than 2 
percent i n  (L/D)max due t o  t i p  droop. Drooping the  wing t i p s  with the  
hinge l i n e  canted inward bo induced t h e  greatest  changes i n  s t a b i l i t y  
with the  l e a s t  pena l t ies  i n  performance. However, t h e  superior i ty  of 
t h i s  canted hinge l i n e  may be associated with the  presence of the  wedge 
beneath the  wing of t he  test configuration. 
cnP 
of 
(L/D)mx of about 
w i t h  a s  l i t t l e  as 1-percent penalty i n  
CnP The v e r t i c a l  f i n s  used i n  the  t e s t s  produced an increase i n  roughly 0.0010 per  degree and a corresponding loss i n  
6 percent. 
30 percent of this change i n  
( L/D) max' Thus it appears t h a t  !?educing the  area of t he  v e r t i c a l  f i n s  
and using wing-tip droop t o  compensate f o r  the  associated loss i n  direc- 
t i o n a l  s t a b i l i t y  may increase (L/D) max at supersonic speeds. I n  addition 
the  decrease i n  longitudinal s t a b i l i t y  due t o  drooping the  wing t i p s  should 
reduce the  t r i m  drag and fur ther  increase the  trimmed l i f t -drag  r a t i o  of 
the  configuration . 
I n  comparison, some of the  t i p  droop configurations produced 
Cn 
It should be noted t h a t  both the wing-tip droop and the  reduction i n  
area of the  v e r t i c a l  f i n s  lead t o  increases i n  
essary t o  compensate f o r  this e f f ec t  i n  order t o  mkintain the  l a t e r a l  
s t a b i l i t y  of the a i r c r a f t .  
Cz and it may be nec- 
For the  most pa r t ,  the  simple l inear  theory methods presented i n  the  
appendix adequately predicted the  incremental changes i n  aerodynamic char- 
a c t e r i s t i c s  induced by drooping the wing t i p s .  However, CyP, Cnp, and 
C z P  
were somewhat overestimated by the methods of t he  appendix, and there  
were some discrepancies i n  C h ,  CW, and (L/D)max which were believed 
t o  be primarily due t o  the  e f f ec t  of the wedge beneath the  wing of the  
tes t  contYguratioii. 
Ames Research Center 
National Aeronautics and space Administration 
Moffett Field,  Calif., Dec. 18, 1959 
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APPENDIX 
ESTIMATES OF THE EFFECT OF WING-TIP DROOP 
ON PERFORMANCE AND STABILITY 
In estimating the  incremental changes i n  performance and s t a b i l i t y  
due t o  wing-tip droop, no attempt was made t o  analyze the  r a the r  complex 
interference phenomena t h a t  a re  known t o  ex i s t  over the model configuration 
at  supersonic speeds. Instead, only estimates of the  incremental e f f ec t s  
of drooping the wing t i p s  of an i so la ted  de l t a  wing were made. This wing 
had a leading-edge sweep angle of 64O50' which w a s  supersonic for a l l  con- 
di t ions studied. 
p l a t e  and l inear ized solutions were used t o  estimate the  various perform- 
ance and s t a b i l i t y  parameters. 
Except where noted, the  wing was assumed t o  be a f l a t  
(c 
Performance and Longitudinal S t a b i l i t y  Estimates 
L 
and dCddCL.- The decrease i n  C r ,  and t h e  forward shift i n  cLsL 
aerodynamic center due t o  drooping the  wing t i p s  were estimated on the  
assumption t h a t  a l inear ized conical flow f i e l d  exists over t h e  d e l t a  
wing a t  angle of a t tack.  This flow f i e l d  i s  analyzed i n  reference 6, and 
expressions a re  given f o r  the  pressure along any ray f romthe  apex of the  
wing when the leading edge i s  supersonic. To estimate 
was assumed t h a t  the wing t i p s  acted as end p l a t e s  when drooped, and there-  
fore ,  that  the chordwise l i f t  d i s t r ibu t ion  over t he  undrooped port ion of 
the  wing  was not affected by drooping the  t i p s .  
only t o  the  l i f t i n g  forces due t o  angle of a t tack.)  Values of Cr, and C,, 
with the t i p s  drooped 90' were then obtained from integrat ions of the  lift 
distr ibut ion over the undrooped portion of t he  wing. To estimate Cr, and 
Cmr, a t  intermediate values of t i p  droop it was noted.that as the  t i p  i s  
drooped, t he  angle of incidence of t he  t i p  t o  t h e  a i r  stream var ies  a s  
cos 6 t  if the given a i s  small. It was assumed that the  normal force 
on the  t i p  was a l i nea r  function of t he  angle of incidence of t he  t i p  t o  
the  a i r  stream. 
of the  wing t i p  i s  influenced by the  pressure d i s t r ibu t ion  on the wing.) 
The ra t io  of the  l i f t i n g  component t o  the  normal component of the forces 
on the  t i p  also var ies  a s  
carr ied by the t i p  varied as cos26t f o r  a given a. 
Cr, and Cnr,, it 
(These coments apply 
(This assumption i s  not s t r i c t l y  accurate since a port ion 
cos 6 t .  Therefore it was assumed t h a t  the l i f t  
Canting the  hinge l i n e  of the  t i p s  caused only a s l i gh t  change i n  the  
geometry of the drooped area,  and f o r  t he  most pa r t ,  t h i s  area was  i n  a 
0 
A 
2 
5 
6 
region of uniform pressure. 
hinge l i n e  of t he  wing t i p s  would have a negligible e f fec t  on the  varia- 
t i o n  of Cr, and C%. 
C,, 
by C h  t o  obtain dCm/dCL. The variation i n  aerodynamic-center location 
was  expressed i n  percent of the  mean aerodynamic chord, c, forward of t h e  
location with no t i p  droop which w a s  a t  50 percent of E.  
Therefore it w a s  presumed t h a t  canting t h e  
The location of the  aerodynamic center was  obtained by dividing 
- 
ACL, andACDo.- If the  wing i s  at zero angle of a t tack and the  wing- 
t i p  hinge l i nes  are p a r a l l e l  t o  the  air stream, a l l  surfaces of t he  wing 
remain p a r a l l e l  t o  t he  a i r  stream when t h e  t i p s  a re  drooped. 
w a s  assumed t h a t  there w a s  no change in  
the  hinge l i nes  of the  t i p s  were not canted. 
Therefore it 
C b  and C D ~  with t i p  droop when 
To estimate the  changes i n  C h  and C D ~  due t o  drooping the  wing t i p s  
with canted hinge l ines ,  t h e  coefficient of the  normal force on each wing 
t i p  was  assumed t o  be: 
where 
normal force on the  wing t i p  
CIS 
c N t  
% angle of incidence of t h e  wing t i p  t o  the  a i r  stream, radians 
( N ~ t e  thz t  at = s i n  6 t  if w i s  small.) The lift and drag components 
of C N t  were then calculated t o  obtain estimates of t h e  change i n  C b  
and CD, due t o  t h e  aerodynamic forces act ing on the  drooped t i p s .  
A fur ther  change i n  C% was induced by the  action of the  in te r fe r -  
ence pressure f i e l d  of the  wing t i p  on t h e  lower surface of the  wing. 
coeff ic ient  of the  pressure induced by t h e  wing t i p  w a s  taken t o  be: 
The 
T h i s  pressure was  assumed t o  a c t  over a portion of 
t h e  wing bounded by the  Mach l i n e  from the  leading 
the  lower surface of 
edge of the  wing t i p  
a t  t h e  hinge line,. the  t r a i l i n g  edge of t he  wing, -and-the wing-tip-hinge 
l i n e .  The change i n  C b  due t o  t h i s  interference pressure from the  wing 
14 
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4 
t i p  was then determined and added t o  the  change i n  
dynamic forces on the  drooped wing t i p s .  
C L ~  due t o  the  aero- 
. 
ACmo.- The change i n  Cmo due t o  t i p  droop w a s  determined by adding 
the  effects  of three contributions t o  The f irst  of these contribu- 
t i ons  considered was  the e f fec t  of t h e  f r i c t i o n  drag and wave drag due t o  
thickness of the  wing t i p  acting through the  center of area of the  wing 
due t o  t h e  f r i c t i o n  and wave drag of t he  t i p  was negligible.  
-
CQ. 
I 
t i p .  Rough estimates of t h i s  e f fec t  indicated t h a t  t h e  change i n  Cmo ~ 
The two remaining contributions t o  Cmo occurred only when the  hinge 
l i n e  was canted. They were respectively the  e f fec t  of A C D ~  on Cmo and 
the  effect  of ACL, on Cmo. The change i n  C D ~  due t o  wlng-tip droop, 
A C D ~ ,  was assumed t o  ac t  through the  center of area of t he  wing t i p .  The 
change i n  
i n  
surface of t he  wing was  assumed t o  act through the  center of t h e  area 
influenced by the  wing-tip pressure f i e l d .  The increment DCmo was  deter-  c 
mined by addition of t he  e f fec ts  of A C D ~  and ACL, on Cmo. 
I 
A 
2 
5 
6 
due t o  the  aerodynamic forces on the  wing t i p  w a s  a l so  
through the center of area of the  wing t i p ,  and t h e  change 
C b  due t o  the  interference f i e l d  of t h e  wing t i p  acting on the  lower 
A(L/D)mx.-  TO estimate (L/D)max it w a s  assumed tha t :  
and 
These relationships give: 
For t he  basic configuration with no t i p  droop, the  values of 
and cDo determined experimentally were used. The estimated values Of 
A C b ,  A C b ,  andACDo 
C b ,  and C D ~  
calculated fo r  each of the tip-droop configurations. 
C b ,  C b ,  
w e r e  added t o  these values t o  obtain values of CL, 
with the  t i p s  drooped, and the  corresponding (L/D)max W a s  
. 0.8 * * * *  0 0  .. 0 .  .. 
0 .  me 0 .. 0 .  a .  . . . ... .. 
c 
Directional and Lateral  S t ab i l i t y  Estimates 
Cyp and CnP .- Estimates of Cyp and Cnp were made f o r  a = 0'. The 
coeff ic ient  of the  normal force on each wing t i p  was again taken t o  be: 
where q = ( p  rt w) s in  6 t  if p and w are s m a l l .  The normal-force 
coeff ic ient  was calculated as a function of the s ides l ip  angle, p ,  and 
the  side-force component of t h i s  normal-force coeff ic ient  was then deter-  
mined t o  give CY a s  a function of p and hence Cyp. To estimate 
it was assumed t h a t  the side force on the  t i p  acted a t  the  center of 
area of the t i p .  
A 
2 
5 
6 
CnP 
Czp.-  The ro l l i ng  moment due t o  s idesl ip  angle a t  a = 0' was  e s t i -  
mated by adding the  e f f ec t  of the aerodynamic forces on the  wing t i p s  and 
the  e f f ec t  of the  interference pressure f i e l d  from the  t i p  act ing on the  
lower surface of the  wing. 
assumed t o  ac t  a t  the  center of area of t h e  wing t i p ,  and the  ro l l i ng  
moment, C 2 ,  due t o  p was evaluated t o  obtain C2 due t o  the  forces on 
the  wing t i p s .  
- '4 
The normal force on the  t i p ,  CNt, w a s  again 
m 
P 
The pressure coeff ic ient  induced by the  wing t i p  was taken t o  be: 
and t h i s  pi-ess'ze was assumed t o  ac t  over 
surface bounded by the  Mach l i n e  frmi t k e  
the  portion of the  lower wing 
leading edge of the  wing t i p  a t  
t he  hinge l i ne ,  t he  t r a i l i n g  edge of t he  wing, and the wing-tip hizge Line. 
The force due t o  the  interference pressure was assumed t o  ac t  at  the  center 
of t he  area affected by the  interference f i e l d ,  and C2 due t o  p and 
were calculated.  c% 
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-3.2 
-2.1 
-1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 
8 .? 
10.0 
11.0 
12.1 -
- 
1.0 
.2 
1.3 
2.5 
3.7 
4.9 
6.0 
7.2 
8.3 
1.0 
.2 
1.3 
;:; 
4.8 
6.0 
7.1 
8.2 
-1.c 
.1 
1 .i 
2.? 
3.4 
4.: 
6. ~ 
7.E 
5.: 
- 
__ 
CL 
- 
0.038 
- ,010 
.Ol9 
.048 
.074 
.lo3 
.I29 
.lsS 
. la7 
- .036 
.016 
. O b  
,065 
.C89 
.136 
.161 
.la7 
.a8 
- .051 
- .032 
- .ooe 
. o u  
.032 
.OS! 
.074 
,094 
.ll4 
.134 
.15: 
,176 
.19i 
.22l 
.217 
- .010 
.lE 
.2q __ 
- 
2; - 
-1.0 
.1 
1.3 
2.5 
3.7 
4.9 
6.0 
7.2 
8.3 
-1 .o 
.1 
1.3 
2.4 
3.6 
4.8 
6.0 
7.1 
8.3 
-1.0 
.1 
1.2 
2.2 
3.3 
4.4 
5.: 
6.6 
7.f 
- 
- 
-2.2 
-1.0 
.2 
1.3 
2.5 
3.7 
4.9 
6.0 
7.2 
8.3 
-2.2 
-1.0 
.1 
1.3 
2 5  
3.6 
4.8 
5.9 
7.1 
8.3 
9.4 
-3.2 
-2.1 
-1.c 
.I 
1 .i 
2.: 
3.4 
4.4 
5.: 
6.1 
7.; 
8 .: 
lo.( 
ll .I 
12.: -
-
CL - 
0.013 
.015 
.Ob3 
.097 
2 2 4  
.I50 
.In 
.m5 
.on 
- .013 
.Oll 
.036 
.061 
. a 4  
.lo8 
.131 
.154 
.IT3 
-.012 
.m 
.028 
.048 
.069 
.Wl 
.llO .w 
.149 
-
cm - 
) .0060 
.w35 
.W14 
- .m 
-.cola 
- .0037 
- .w54 
- .ma3 
.0162 
.0055 
.w33 
.mu 
.0008 
.W13 
.W27 
.w34 
.w40 
.0104 
.0051 
.w34 
.0014 
.0004 
.w20 
.W40 
. .oop 
. .0047 
'.005? 
L/D 
.l.W 
1.33 
- 
I?:% 
5.36 
5.51 
5.39 
5.13 
4.83 
-1.21 
1.10 
3.26 
4.62 
5.25 
5.40 
5.28 
4.72 
-1.17 
.81 
2.69 
4.06 
4.84 
5.16 
5.12 
4.93 
4.69 
5.02 
3.0056 
- .w54 
- 0351  
0 .COO55 
- .wogt 
- .0001( 
J.00023 I-0.00073 0 .w55 
- .oop 
- .0045 
- 
, w =  0 
.coo56 
.00033 
- .  
I
6t = 30' 3 = 0.04, w = Oo, 6, = 9 - 
2.49 
-.72 
1.56 
3.50 
4.69 
5.33 
5.4: 
5.32 
5.0: 
4.76 
2 . P  
-.@ 
1.41 
3.4; 
4.64 
5.15 
5.31 
5.21 
4.9t 
4.6. 
4 . z  
3.7: 
2.51 
- .9l 
1.01 
2.H 
4.11 
4.82 
5.0: 
5.0. 
4.81 
4 .& 
4.3( 
4.0: 
3 .7  
3.5' -
-
- .032 
- .Oca 
.018 
.045 
.070 
.W7 
.122 
.149 
.174 
. a 2  
- .ou 
-.ow 
.014 
.038 
.062 
.@35 
.lo8 
.130 
.152 
.176 
.m4 
- .046 
- .027 
- .w9 
.010 
.030 
.OW 
.070 
,089 
.lo3 
.I28 
.1@ 
.169 
.la@ 
.a9 .& 
-
.w55 
.w52 
.0038 
.w22 
.w10 
- .wlz 
- .0032 
- .oow 
-.w63 
- .0148 
.w53 
. ooy  
.w33 
.W17 
.0005 - .WLU 
- .0025 
- 0334 
- .0041 
- .@6 
- .01y 
.00a 
.w56 
.w53 
.0014 
0 
- .0014 
- .0021 
- .0028 
- .0045 
- ,0056 
- .0045 
- .coy2 
- .0060 
- ,0061 
.0031 
- 
- .8j 
3 . g  
4.9: 
5.41 
5 . 9  
5.3E 
5.11 
4.81 
-.9: 
2 . x  
4.7t 
5.3: 
5.4: 
5.2: 
5.01 
4.P 
1.7C 
1.51 
- .91 
1.x 
2.91 
4.2: 
4.9: 
5.11 
5.1: 
4.9 
4.61 
- .010 
.Om 
.048 
,076 
.lo3 
,132 
,159 
.187 
.2i8 
- .010 
.016 
.Ob 
.066 
. o s  
.114 
2 4 0  
.164 
.I90 
- .010 
. O U  
.031 
.052 
.on 
.093 
. l l 4  
,13: 
.l56 
- 
.0063 
.0033 
.om6 
- .ooi6 
- ,0044 
- .oca0 
- .0138 
- .0196 
- . 0P5  
.0055 
.w32 . w10 
-.cox? 
- ,0074 
- .0051 
- .0106 
- .0148 
- .0233 
.0062 
.0030 
.0007 
- .0011 
- .w28 
- .w43 
- .my 
- .om2 
- .OW5 
.OW29 
.ow06 
.w010 
,00061 
.ow40 
. .00014 
- .0057 
- .0053 
-.OW& 
- . m 4  
F i n s  off, 1- = 3O, S 
-.age 
-.w 
.017 
.042 
.067 
,0103 
.oogo 
. W 1  
,0102 
.OX24 
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- 
io, s 
LID 
-
- 
0.10 
2.56 
4.57 
5.65 
5.93 
5.90 
5.65 
5.32 
4.98 
- .36 
5.56 
5.89 
5.80 
5.52 
5.23 
5.13 
-4.32 
-2.99 
- .39 
1.92 
3 .ae 
5 . 1 ~  
5.52 
5 . k  
5.4; 
5.14 
4 . 8 ~  
4.G 
4.1; 
3 .at 
3.6; 
2.34 
4.46 
Fins off ,  I, = 3O, & / S  = 0.09, W = Oo, = 0' Fina Off. I,. s = 0.1 __ 
cm 
w = 0' -
% 
- 
M 
5.0 
- 
3.5 
4.0 
- 
- 
a, 
aeg 
.1.0 
.2 
1.4 
2.5 
3.7 
4.9 
6.0 
7.2 
8.3 
-
-1.0 
.e 
1.3 
2.5 
3.7 
4.8 
6.0 
7.1 a .2 
-3.2 
-2.1 
-1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 
6.9 
10.0 
11.1 
12.2 -
- 
a, 
-1.0 
.2 
1.3 
2.3 
3. I 
4.9 
7.2 
8.3 
de g -
U.0 
-2.2 
-1.0 
.1 
1.3 
2.5 
3.7 
6.0 
7.1 
b.2 
9.3 
-1.0 
.I 
1.2 
4 2  
2.3 
3.4 
4.5 
5.6 
6.7 
7.3 
8.9 
9.9 
11.0 
12.1 -
- 
LID - 
0 .a0 
1.96 
4.17 
5.33 
5.88 
5.85 
5.64 
5.34 
5.00 
3.08 - .96 
1 A7 
4.10 
5.36 
5.79 
5.75 
5.56 
5 . a  
4.97 
4.38 
- .a9 
1.54 
3.54 
4.86 
5.43 
5.55 
5.42 
5.14 
4.81 
4.48 
4.272 
3.92 
3 . a  -
-
% 
0 .Go25 
- .0025 
- .0025 
CL 
~ 
0.003 
.a20 
.Ob9 
,075 
.lo2 
.ley 
.I% 
.lo6 
,211 
CD 
__ 
0.0103 
.0104 
.0ll7 
cra 
__ 
.a060 
.0032 
.OW4 
. m i 5  
.0044 
.a070 
.0132 
.om8 
.0337 
.@J50 
a 4 9  
.Om5 
,0003 
.cola 
.0037 
.oow 
.OW1 . o m  
.0305 
.Ob19 
.0042 
.0021 
.W17 
.W32 
.W4Y 
.0055 
.0062 
,0072 
. O W  
. . O l e a  
. .0282 
I 
. ,0367 -
0.001 
,027 
.055 
,082 
.lo8 
.136 
a63 
.192 
.=3 
- .003 
.02l 
.046 
.095 
.1xJ 
.143 
,160 
J95 
- .046 
- .027 
- .003 
.016 
,036 
.057 
.076 
.W7 
. l l 7  
,138 
.19 
.l-@ 
,198 
. a 9  
.239 
.on 
-
Fine 
.0102 
.0105 
. O M  
.0145 
.Ole3 
.023l 
.O& 
,0361 
. O W  
.&a 
.oogo 
. O M  
.0162 
.Om6 
.0260 
.0322 
.0380 
.0106 
.OW2 
.0082 
.0083 
. w 3  
.on1  
,0139 .o1n 
.O2lFZt 
.02& 
. 032  
.0397 
.0474 
.0563 
.06% 
.0103 
0.0032 
.ooo8 
- .W15 
- .0036 
- .009 
- .0101 - .0141 
- .0218 
- .0346 
.W32 
.0010 
- .0010 
- .00p 
- .0053 
-.WE 
- . o m  
-.0150 
- .025J+ 
.OO@ 
.0054 
.OO31 
.00u 
- .0007 
- .0026 
- .w38 
- .0055 
- .W67 
-.eon 
- .0089 
- .Om9 
- . O l O l  
-.om 
- .0131 
1s = 0 .  
.a141 
.0174 
.a221 
.0273 
.0349 
.Ob33 
0.0030 
- .ooa 
- .003c 
- 
, w = c  
-0.00078 
- .ooo84 
.091 0157 
.114 I :019U A 
2 
.138 .0&9 
,194 1 .a391 
. Z 2 l  .OW4 
.165 .a316 
5 
6 
- .00@ 
s, = 451 i = 0.09, w = 0 S+ = 15 
- 
- .OO2 
,025 
,054 
,081 
,108 
.I36 
. lb2 
,190 
.a 
- .004 
,020 
,045 
,070 
,094 
.118 
.143 
,167 
,193 
- .004 
,015 
,035 
,056 
,076 
.097 
,118 
,137 
.158 
__ 
.a105 
,0107 
.ox21 
,0147 
,0184 
.0231 
.a289 
.a359 
,0446 
,0090 
.a092 
.0104 
. O l S  
.0163 
.a205 
.02% 
.0322 
.0377 
.om1 
,0082 
,0092 
,0110 
.0136 
.0172 
.a216 
.0267 
.0328 
- 
-.19 
2.37 
4.42 
5.51 
5.86 
5.62 
5.31 
4.94 
- .4c 
2.17 
4.31 
5.43 
5.76 
5.72 
5.52 
5.19 
5.12 
- .4e 
1.82 
3.82 
5.0i 
5 . 2  
5.6: 
5.4: 
5.1: 
4.81 
5.86 
-
__ 
.0102 
.0104 
,0118 
.0142 
,0179 
.0225 
.Or182 
.0349 
.0434 
,0089 
.00w 
.0103 
.ox26 
.a159 
.oao 
.0252 
.0313 
.0386 
,0083 
,0084 
.0093 
. o n 1  
,0137 
.0173 
.0216 
.a267 
. O P l  __ 
- 
- .04 
2.50 
4.41 
5.55 
5.92 
5.89 >.a 
5.26 
4.89 
- .38 
2.18 
4.29 
5.46 
5.82 
5.75  
5.51 
5.18 
4.83 
- .52 
1.76 
3.70 
4.92 
5.50 
5.60 
5.41 
5.12 
4.e€ -
- 
-1 .o 
.2 
1 . 4  
2.6 
3.7 
4.9 
6.0 
7.2 
8 .3  
-1.0 
.2 
1 .3  
2.5 
3.7 
4.8 
6.0 
7.1 
8.2 
-1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 -
.a046 
.@Xi) 
. .0010 
- ,0033 
- .0048 
- ,0089 
- .a197 
. .0136 
- .0318 
.a039 
.0019 
- .0003 
- .OO24 
- ,0036 
- .0056 
- .Oll2 
- .0134 
- .a232 
,0039 
.0019 
- .0002 
-.cox) 
-.w37 
- sQ55 
-.cow 
- .oon 
- .0086 
0 
.026 
.052 
.OB 
206  
.0025 3.0 -1.0 
.2 
1.4 
2.5 
3.7 
4.9 
6.0 
7.2 
8.4 
- 0330 
.132 
.184 
.213 
2% 
- .OO75 
- ,0090 
- . O n 3  
- . o m  
3.5 1.1.0 .2 - ,003 
.a20 
.044 
.OO28 
.@all 
- .00& 
- .oo26 
- .m44 
1.3 
2.5 
3.7 
4.8 
6.0 
7.2 
8.3 
.069 
,092 
.115 
.139 
.162 
.187 
4 .O -1.0 
.1 
1.2 
- .w4  
.015 
.035 
.055 
,075 - .0033 
__ 
- .OO36 
- .0052 
- .0065 
- .0077 
- .COO8 
.os? 
,117 
.137 
,157 
5.6 
6.7 
mo mmo mo ma *om * o m  me 
m m m  m o m  0 . 8  0 0  m a  a m  
0 0  mo 
o m  o m  m o o o  
m o m  am 
0 . 0  
am m m m  
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0.025 
-002 
.o26 
.ow 
.OB 
.Ogg 
2 2 3  
.149 
.177 
.2ll 
19 
0 . o ~  
.0103 
.0107 
. o m  
.0143 
.0177 
. o m  
.0276 
.0340 
.Oh27 
.088* 
.log 
.131 
.156 
281 
.0161 
. o m  
.0248 
.0307 
.0377 
-.OM 
- .oa  
-.003 
.016 
.035 
.0103 
.oogo 
.a384 
.0085 
X095 
.log 
.128 
.147 
.166 
.02l2 
.0261 
.Op8 
.0385 
, w = o  -
5 0  
FinB Off. I, = 30, Fins off,  ic = 3', &/S = 0.8 
cD I LID I 
& = 600 /S = 0.09, w = Oo, 6+ = 90' - 
M 
- 
3 .c 
3.: 
4.c 
- 
- 
3 .c 
3.: 
4 .c 
- 
'L I 'D - LID - 
, 2 2 2  
.17 
2.43 
4.14 
5.12 
5.56 
5.58 
5.40 
5.20 
4.94 
.2.46 
- .10 
2.24 
4.05 
5.04 
5.46 
5.45 
5.28 
5.06 
.3.84 
.2.36 
-.39 
1.94 
3.63 
4 . n  
5.22 
5.29 
5.16 
4.92 
4.63 
4.33 
4.04 
3.79 
4.81 
- 
- 
M 
3 SO 
- 
3.5 
4.0 
- 
- 
3.0 
3.5 
'1.0 
- 
- 
a, 
de& 
-2.2 
-1.0 
.2 
1.4 
2.5 
3.7 
4.9 
6.0 
7.1 
8.2 
-
-2.2 
-1.0 
.2 
1.3 
2.5 
4.8 
6.0 
7.1 
8.2 
-3.2 
3.6 
-2.1 
-1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 
8.9 
LO.0 
u.l 
- 
cys 
0.0038 
- a037 
- .0042 
- 
I) w = ,  
C 
l.Oll5 1-2.44 10.0094 0 .w22 
.mi6 
.mi5 
.0014 
.mi5 
-.W@ 
- .W18 
- .0051 
- .0135 
- . O W  
.oom 
.W13 
.0012 
.ooog 
.0012 
- .OW8 
- .0014 
- .0022 
- .om6 
-.Ole.? 
.w34 
.0021 
.g017 
.ooog 
0 
- . m 6  
- . m i 5  
- .0022 
- .0024 
- .00p 
- .0036 
- .0042 
- .0050 
- .00@ 
- 
-1.0 -.001 
.8 .025 
1.4 .052 
2.5 .077 
3.7 .lo2 
4.9 .us 
6.0 .154 
7.2 .180 
8.4 .a8 
0.00042 -0 .0033 
- .0034 
- .0038 
- 
, w = o  -
- .w35 
- .0036 
- .0041 
.0222 5.6 -.004k 
.OS78 5.51 -.0060 
,0347 5.19 -.0076 
.0428 ' I  4.86 I -.0143 
.0101 1-2.80 I .OOY -.024 .Wg8 
-.001 .oogo 
,021 . m 3  
.Ob3 0105 
.064 I : O u 7  
- .00045 
.053 .OU3 
.072 I .0178 - .m22 
- 
, 6t = 0' Fins O f f ,  i, = 30, q/s = 0 ', i, = 30, q / s  = 0. Fins , 
_. 
3 
,025 
.OW 
.OB 
. lo1 
.126 
.152 
.ITS 
.a3 
- .003 
.020 
.Oh3 
.065 
.a8 
. n o  
-133 
J55 
.180 
- .004 
.015 
.034 
.053 
-073 
.092 
. u 2  
.I32 
.152 
_. 
- 
-1.0 
.2 
1.4 
2.5 
3.7 
4.9 
6.0 
7.2 
a .3 
-1.0 
.2 
1 .3  
2 5  
3.6 
4.8 
6.0 
7.1 
8.3 
-1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.1 
7.8 -
.0053 
.mu 
- ,0004 
-.0029 
- .00U 
- .0079 
- ,0119 
- .0172 
- . 0 8 3  
.0043 
,0022 
-.coo1 
-.mu 
- .0030 
- .a344 
- .0096 
-.ow 
- .0210 
.m39 
.0019 
- .ooo2 
-.mu 
- .0035 
- .0049 
- .0062 
- .0062 
- .oon 
. W 9  -.63 
.oioi 2.31 
. o u 6  4.45 
. O l b  5.64 
,0177 6.00 
.0224 5.96 
.0283 5.66 
.03U 5.38 
.0414 5.26 
- ,0028 
- .0027 
- .0024 
__ 
- .00046 
- .CQ035 
- .ooou 
- 
.m86 -.n 
.OM7 2.12 
.w 4.39 
.OU3 5.58 
.0156 5.92 
,0251 5.60 
. c j l l  5.28 
.0367 5.18 
.&o -.69 
.0197 5.81 
.018 
.Oo84 I -.52 I .W24 -1.0 - . ~ 6  
:::: 
.055 
.076 
4.5 .097 
5.6 . n 7  
6.7 .136 
.157 
Fin6 off, i, 
4.46 
5.89 
5.83 
5.56 
5.51 
-.OOli 
-.a033 
-.oo46 
-.a064 
-.a109 
-.>e 
1.77 
5.03 
3.77 
5.65 
5.68 
5.48 
5.18 
4.84 
,0029 
.W14 
-.a022 
-.a006 
-.a042 
-.cos9 
-.007l 
- .ado  
-.&9 
2.31 
4.22 
5.33 
5.74 
5.80 
-.0005 
-.DO11 
-.om' 
-.0015 
-.I3327 
5.69 
5.49 
5.13 
4.85 
-.mi8 
-.CY323 
-.a032 
-.a051 
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, w = o o  , 6, = 30' Fins of f ,  1, = 3O, S, Fins  o f f ,  I, __ - 
L I D  
3.49 
2.07 
- .04 
2.07 
3.69 
4.81 
5.34 
5.45 
5.30 
5.04 
4.75 
3.75 
2.37 - .18 
1.94 
3.69 
4.m 
5.25 
5.36 
5.24 
4.97 
4.67 
4.32 
3.62 
2.32 
- .36 
1.62 
3.37 
4.47 
5.04 
5.20 
5.13 
4.91 
4.59 
4.30 
4.02 
3.78 
- 
-
- 
M 
i .0 
- 
1.5 
t.O 
- 
- 
1 .0 
1.5 
4.0 
- 
- 
a, 
dei: 
1.0 
.2 
1.4 
2.5 
3.7 
4 .? 
b.0 
7.2 
8.3 
-
1.0 
..2 
1.3 
2.5 
3.1 
4 .:3 
6 .o 
7.1 
:i .2 
-1.0 
1 
1 . 2  
2.3 
3.4 
4.: 
5.6 
6.7 
7 . i  
- 
- 
-1.0 
.2 
1.3 
2.5 
3.7 
4.E 
6.0 
7.2 
0.3 
-1.0 
.I 
1.3 
2.5 
3.6 
4.0 
6.0 
7.1 
3.3 
-1.0 
.1 
1.2 
2.3 
3.3 
4.4 
5.5 
7.7 
b . b  
-
- 
M - 
3 .O 
3.5 
4 .O 
- 
- 
3.0 
3.5 
4.0 
- 
- 
a, 
deg 
-3.3 
-2.2 
-1.0 
.2 
1.3 
2.5 
3.6 
4.8 
6.0 
7.1 
8.3 
-3.3 
-2.2 
-1 .o 
.l 
1.3 
2.4 
3.6 
4.8 
5.9 
7.1 
8.2 
- 
-4.3 
-3.2 
-2.1 
-1.0 
.1 
1.2 
2.2 
3.3 
4.4 
5.5 
6.6 
7.7 
8 .8 
9.9 
11.0 - 
- 
-1.0 
.2 
1.4 
2.5 
3.7 
4.9 
6.0 
7.1 
8.2 
-1.0 
.2 
1.3 
2.5 
3.7 
5.9 
7.1 
8.2 
-1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 
4.8 
-
% - 
0 .a029 
- .0029 
- ,0030 
c %  -
1 .OW06 
.00010 
.OW40 
CL cm CD - 
, .0100 
,0102 
,0117 
.a142 
.01m 
. 0 z 5  
,0283 
.a353 
.a444 
.008d 
.oop 
,0102 
.0126 
.a159 
.a202 
.a255 
.031i 
,0392 
.on81 
.O& 
.00?l 
.a109 
.oin 
,0216 
.o26i 
.a136 
.a327 
3.043 
- .023 
0 
.a21 
.Ob3 
.065 
.om 
,111 
,134 
.19 
.182 
- .Ob2 
- .023 
- .a02 
.018 
.038 
. O S  
,078 
. O B  
.11y 
.140 
.161 
- .051 
- .036 
-.om 
- .w3  
.013 
.031 
,048 
.066 
.OR4 
.lo2 
.1m 
,139 
.I57 
.17> 
,193 
) .OW3 
. .ow1 
.0004 
.a011 
.0017 
.0018 
.00m 
.d018 
.0015 
.Wl l  
. .0013 
. .om1 
1 
1 
,0004 
.o€ca 
,0011 
.0019 
.0015 
.0018 
.m16 
.mu 
.C.cn% 
.0007 
.0w8 
.0w8 
.00n7 
.ow? 
3 
- .om1 
- .ow4 
- .a005 
-.0m2 
- .ooo: 
-.0w7 
-.owe 
- .ow< 
.0136 
.0252 
.0312 
.0164 
.Om3 
-0383 
.a112 
,0097 
.0090 
.w2 
.0102 
. O m  
.01w 
,0184 
,0228 
.0282 
,0345 
.a117 
.a100 
.0088 
.a1 
. m 3  
.w2 
.a107 
.0130 
,0161 
.a198 
.a244 
.0302 
.a435 
.05U 
.a365 
0.00y 
- a 4 7  
- .a352 
- 
w = 4c 
5.34 -.0168 
4.96 -.0323 
-.43 0024 
2 . a  I :ow3 
- .00083 
- .00063 
0, & / S  = 0 .  
m 
Fins L -
- ,006 
.083 
.la 
,198 
.229 
- m 6  
.a24 
.054 
,109 
.138 
.019 
,045 
. O i l  
.a96 
.m 
.146 
.172 
-199 
- .007 
,015 
JJ35 
.a56 
.OB 
.099 
.1m 
.141 
.161 
= 0.0: 
.0n49 
.m15 
- .004Y 
__ 
- .001a 
- .0069 
- .a125 
- .0211 
- ,0307 
- ,0445 
.m37 
.a012 
- .0011 
- .m40 
- .0059 
- ,0083 
- ,0154 
- .0342 
.a034 
. o o u  
- 2013 
- .a033 
- .a072 
- ,0089 
- ,0105 
-.ally 
- .0230 
- .m56 
) w = l  __ 
- .a04 
- ,004 
- .004 
- 
.a100 
.a100 
.a113 
.a134 
.Ti66 
.a208 
.a260 
.Oj24 
,0401 
.oolj7 
.mfX 
.a099 
.OU9 
,0148 
.a136 
.0234 
.a291 
.03% 
.cQH2 
.a042 
. O W  
.a105 
,0130 
.0164 
.a203 
.a251 
.a300 
- .001 
,023 
,047 
.095 
.121 
.145 
.1'10 
,197 
- .004 
.01? 
,041 
.063 
.@4 
.io6 
.ut? 
.151 
,174 
- .Oo? 
,013 
.031 
.OW 
.o IO 
,090 
.io9 
.12e 
.on 
. 1 4 i  __ 
,0145 5.G 
.a180 6.05 
.a230 6.00 
.a296 I 5.6i - ,00029 
- .0003: 
- .00001 
- ,002: 
- ,002' 
- .a02 
__ 
5.57 -.a036 
5.25 -.0045 
4.92 -.w91 
.osn a454 I 5.04 33
.om? 5.5: 
.a161 I 5.9' 
I 
1.531 -.65 .a016 0005
3.48 -.0005 
4.B .call 
.&7 -.7c 
.0087 1.G: 
a 9 6  3.6: 
. O l b  5.51 
.a175 5 .6  
.a113 4.9. 
.0219 5.45 
,0270 5.21 
.0331 4.8' 
, _  
5.36 ,0045 
5.10)  .W42 
4.79 .0047 
I I
Y 
Fins off, i, = 30, s s = 0.09, w = i Fins o f f ,  i, = 3O, s 3 = 0.09, w = 4 
2.57 
5.72 
6.12 
4.55 
.0013 
-.oil22 
-0355 
-.0083 
5 . k  
5.90 
5.87 
5.51 
5.24 
4.91 
-.0046 
-.0067 
-.Om9 
-.u$ 
-.0251 
-.0331 
i., 
3.6 
5.9 
8.2 
4 2  
7.0 
.09l 
.141 
.195 
,115 
,167 
1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 
-.005 
.014 
.034 
.054 
.074 
.095 
,116 
.I36 
.156 
5.66 
5.56 
5.74 
5.26 
4.91 
-.0059 
-.0102 
-.0086 
-.Oll9 
-.0136 
21 
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- 
:O ,  s 
L/D 
0.46 
2.18 
4.33 
5.63 
6.11 
6.10 
5.78 
5.47 
- .83 
5.49 
5.91, 
5.99 
5.70 
5.38 
5.07 
- .82 
1.52 
3.54 
4.96 
5.61 
5.76 
5.61 
5.33 
4.98 
-
- 
5.14 
1.86 
4.19 
Fins off, i, i = o s  w = 4" E+ = 30' OI s, 
L/D 
-
- 
2.27 
- .13 
2.21 
4.03 
5.24 
5.78 
5 .81 
5.60 
5.26 
4.87 
3.04 - .38 
2.05 
4.06 
5 . a  
5 . n  
5.76 
5.54 
5 . a  
4.97 
4.61 
3.57 
2.34 
-.25 
1.77 
3.59 
4.82 
5.41 
5.58 
5.46 
5 . a  
4.89 
4.53 
4.24 
3.98 -
w = 4  s+ = 9oo - 3 = 0.c . -  -
cn 
_. 
.0106 
.0105 
.OU8 
.0141 
.0174 
. O m  
.0284 
.0356 
.04b  
. w 3  
.0093 
.o102 
.0125 
.'I155 
.0196 
.o2w 
-0315 
-0389 
.0087 
. d 7  
. w 4  
.ouo 
.0134 
,0169 
.0a0 
.0261 
. 0 3 a  
I -  -
- 
0.00018 
- .om26 
0 
- 
M 
- 
3 .O 
3.5 
1.0 
- 
- 
3 .O 
1.5 
4.0 
- 
- 
a, 
deg 
2.2 
1.0 
.e 
1.3 
2.5 
3.7 
4.8 
6.0 
7.1 
8.2 
2.2 
1 .o 
.2 
1.3 
2.5 
3.6 
4.8 
5.9 
7.0 
8.1 
9.2 
-3.2 
.2.1 
-1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.6 
7.7 
8.8 
9.9 
1.0 
- 
-
- 
-1.0 
.2 
1 .4  
2.5 
3.7 
4.9 
6.0 
7.1 
8.2 
-1.0 
.1 
1.3 
2.5 
?.2 7 I 
5.9 
7.0 
8.2 
-1.0 
.I 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 - 
- 
M 
3 .O 
- 
3.5 
1.0 
- 
3 .O 
3.5 
'I .O 
- 
- 
a, 
1.0 
.2 
1.4 
2.5 
3.7 
4.8 
6.0 
7.1 
3.2 
1 .o 
.1 
1.3 
2.5 
3.6 
4.8 
5.9 
7.1 
9.2 
1 .o 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 
CL CL cn cm - 
1.0049 
.0023 
.0003 
.m29 
,0055 
.0101 
.0189 
.0281 
.04U 
.0045 
.0023 
I 
.0025 
. .0045 
. .0069 
. .0135 
.oao 
. .0328 
.0043 
.ooa  
.0002 
- . O O U  
..0038 
. .0059 
..0078 
-.OW5 
' .01w 
o .026 
- .001 
.023 
.Ob7 
.072 
.w7 
.l24 
.151 
.180 
.a0 
- .o26 
- .004 
.019 
.042 
,064 
.@6 
.loa 
.1?2 
.158 
.184 
.w 
-.Ob 
- ,023 
- .002 
.016 
.034 
.053 
.072 
.W 
. U O  
.130 
.148 
.170 
.I93 
. a 6  
1.0ll7 
.0105 
.0105 
.on6  
.0137 
. o m  
. O Z 3  
.o269 
.0343 
.Ob33 
.0104 
.w4 
. w 3  
.0103 
.OX23 
.0151 
. O l e a  
.0238 
.0302 
.0370 
.Ob57 
.Oll2 
.w 
.&8 
.m 
. w 5  
.on0 
.0133 . o m  
.om2 
.On49 
.0304 
.0376 
-0455 
. O N  
1.0027 
.0027 
.m22 
.ooa 
.ooog 
- .0003 
- ,0049 
- .Ole4 
- . O U 8  
- .03% 
.0026 
.00U 
.0014 
.0010 
- . m 5  
- .0018 
- .om1 
- . o m  
-.0260 
1 
- .0381 
.0037 
.mu 
.oom 
.ooog 
- .0002 
-.call 
- .0014 
- .0024 
- .0029 
- .0037 
- .0043 
- .oca1 
- .0161 
- .0250 
0.005 
.023 
.051 
.OD 
.lo7 
-135 
.164 
.I95 
2 2 6  
- .a22 
.017 
.Oh3 
.OB 
.w3  
. l l 7  
.143 
.169 
.197 
- .007 
.013 
.033 
.055 
.075 .w7 
.ll8 
.139 
-159 
0.00073 
-.00074 
- .00062 
- 
€y = 60' 
0.00010 
.oooo: 
.0002t 
- 
0.0029 
- .0030 
- .0030 
0.0043 
- .004; 
- .0044 
A 
I 2  
5 
6 
4 
st = oc - 
- .23 
2.26 
'4.32 
5.58 
6.04 
6.00 
5 . n  
5.48 
- .54 
5.02 
1.95 
4.19 
5.42 
5.90 
5-92 
5.64 
5.38 
4.99 
-.56 
1.57 
3.51 
5.50 
5.67 
5.55 
5 . 3  
4.96 
4 .8? 
- 
- .58 1 m 4 6  1.0 
.2 
1.4 
2.5 
3.7 
4.8 
6.0 
- .003 
.024 
.OW 
.077 
.lo3 
-131 
.161 
.0105 
.0104 
.Oll7 
.0139 .oin 
.02l8 
.0281 
.0348 
.0442 
.OW5 
.0094 
.0104 
.0124 
,0154 
.OW4 
.0250 
.0311 
. 039  
.0089 
,0089 
.0096 
. O l l l  
.0135 
. o m  
.0209 
.0258 
.0316 
.0042 
.0024 
.O& 
- .0015 
. .0033 
- .Oa9 
. . O l P  
. . o s 2  
.0038 
- .Ob9 
.0022 
.COO5 
- .0015 
- .uori 
- .0057 
-.0129 
- .OW 
- .0324 
.0038 
.0022 
. m 5  
-.00ll 
- .0023 
- .0044 
- .oo* 
- .W23 
- .0084 
- .006 
.023 
.054 
.oa2 
.110 
.138 
.167 
.197 
.E9 
- .007 
.018 
.Ob5 
.070 
,094 
.- 1 l R  
.I44 
.in 
.196 
- .007 
.014 
.036 
.057 
.OD 
.loo 
.la 
.142 
263  -
.0103 
.0103 
.Oll9 
.0144 
.0179 
.0228 
.OS3 
.0369 
,0455 
.ow1 
,0092 
.0103 
.0128 
. o m  
.0201 
.029 
.0325 
.03% 
.m37 
.0088 
.0095 
,0113 
,0139 
.0175 
. O U 8  
. 0 2 3  
.0331 -
- . m 3 7  
- .m4c 
- .00036 
-.om: 
.00004 
.00031 
- .0025 
- .0025 
- .We4 
- .coo81 
- .00091 
- .00oac 
- .00044 
- .OW34 
- .mll 
6.04 I - .0170 
5.70 - . o s 6  
5.03 -.0449 
5.35 -.0306 7.1 
5.2 
1.0 
.2 
. l 9 l  
.m 
- .005 
.018 
-.e0 .0033 
1.54 I . O W  
3.80 -.0017 
1 -  
c 
0 .  0.. . 0.. . 0 .  . 0.. 0 .  .. 0 .  . 0 . .  
0 .  0.. . . .. 0.. 0 .  : : *: : . . . . . . .... 
Plns Off, i, = 00, s 
__ 
c, 
0.0044 
.0035 
.oop  
.W2l 
.oixa - .w24 
- .0105 
-.ow3 
- .03'22 
.0037 
.0027 
.W2l 
.W15 
.0010 
.coo1 
.0063 
.0134 
. O W  
-0039 
.m33 
.0023 
,0012 
.ooo:! 
.0002 
.0007 
.0012 
.0011 
.00?2 
.w44 
.010f 
.01@ 
- 
-0.0044 
- .0043 
- .004f 
__ 
; = 0.09, w = ( 
.0019 
..0003 
'.a335 
. . oog  
.0074 
- .0093 
. .0134 
..Oak 
- .0315 
.0013 
- .ooo7 
- .oOw 
. .0049 
- .0066 
- .00?4 
- .0089 
- .o152 
- . o m  
.W16 
- .ooo4 
-.cos 
- ,0044 
- .0062 
- .con 
- .&7 
- . ~ 6  
- . O l d 4  __ 
~ 
- .00& 
- .0002' 
- .00d 
H 
,.o 
1.5 
1.0 
aeg 
-1.0 
.e 
1.3 
2.5 
3.7 
4.8 
6.0 
7.0 
8.2 
-1.0 
.1 
1.3 
2.5 
3.6 
4.8 
5.9 
7.0 
8.2 
-1.0 
.1 
1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 
Mns Off, iC : 
22 
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MnE of f ,  i, '= 34,'s Fins off, 1, = 3 O ,  S s = 0.09, w = Bo,  St = 30' -
CD 
_. 
.OU8 
. o n 6  
.0125 
.0144 
.Ol73 
.w3 
.0267 
.0334 
.Ob7 
.0106 
.0104 
.0112 
.0130 
.0155 
.0190 
.0239 
. 0 9 5  
.0365 
. O W  
.01w 
. O W  
.010t 
.OlE 
.0135 . o m  
.Om? 
.02& 
.030C 
.0365 
.04k 
.05a 
- 
L/D - 
. O . b  
1.74 
3.54 
4.81 
5.46 
5.63 
5.53 
5.28 
5.07 
- .56 
1.63 
3.46 
4.74 
5.34 
5.51 
5.39 
5.23 
4.92 
-2.18 
- .54 
1 . 3 ~  
3.01 
4.2: 
4.9; 
5.2: 
5.2L 
5.or 
4.R 
4.% 
4 .x 
3.9( -
- 
L/D 
0.96 
1.65 
4.00 
5.48 
6.07 
6.06 
5.83 
5.47 
- 
5.14 
.1.16 
1.38 
3.69 
5.25 
5 .a6 
5.93 
5.69 
5.37 
5.04 
-1.14 
1.05 
3.11 
4.56 
5.39 
5 . s  
5.57 
5.33 
5.01 
- 
O >  s, --.a 
1.62 
3.70 
5.13 
5.77 
5.m 
5.69 
5.38 
5-05 
- .93 
1.30 
3.51 
4.99 
5.68 
5.83 
5.62 
5.35 
5.10 
- .Bg 
1.03 
2.92 
4.32 
5 -09 
5.46 
5.45 
5 .26 
4.97 -
- 
a, 
deg 
.1.0 
.2 
1.3 
2.5 
3.7 
4.8 
5.9 
7.1 
8.2 
-1.0 
.1 
1-3  
2.5 
3.6 
4.8 
5.9 
7.0 
8 .i 
-2.1 
-1.0 
.1 
1.2 
2.3 
3.4 
4.4 
5.5 
6.6 
7.7 
8 .e 
9.9 
11.0 
-
-
__ 
CL - 
).W5 
.Ox) 
.044 
.069 
.w4 
.la 
.148 
.176 
. a 6  
- .006 
.017 
-039 
.061 
.@3 
.lo5 
.I29 
.19 
.I79 
- .024 
- .005 
.013 
.032 
.OW 
.069 
.cas 
.io6 
.le5 
.I44 
.16j 
.la5 
.m7 
CL 
1.011 
.018 
.046 
.075 
.lo2 
.131 
.161 
.191 
.223 
- . o n  
.013 
.O% 
.065 
. n 4  
.140 
.166 
.194 
- . o u  
.010 
.030 
.OW 
.072 
.093 
.115 
-135 
.156 
.OB9 
- 
.0110 
.OIL5 
.0106 
.0136 
. o m  
. O U 7  
.0277 
e 0 3 5 0  
.Oh34 
.W8 
.OW6 
.0103 
.0123 
.0151 
.o192 
.0246 
.0310 
.0386 
.ow3 
.oogO 
.OW6 
. o u o  
,0133 
.0165 
. @ a 6  
.0254 
.0312 
__ 
0.0073 
.0047 
-0022 
- .00U 
-.m36 
- .oLu 
- .Ol* 
- .0285 
- .0426 
a 6 3  
.0&1 
.W2l 
-.0007 
- .0025 
- .0067 
- . 0 a 6  
- .0139 
- -0325 
.0059 
.w38 
.0017 
- .0001 
-.Ma 
- ,0043 
- .0063 
-.co79 
- .cow 
. O . M a l 8  
- .00016 
. o m  
0.0030 
- .0031 
- .M31 
O.ooO69 
- .0006? 
- .00052 
O.ooOo5 
.00011 
.COO26 
- 
.1.0 
1.3 
2 .!J 
3.7 
4.8 
5.9 
7.1 
8.2 
-1.0 
.1 
1.3 
2.> 
3.6 
4.8 
5.9 
7.0 
8.1 
-1.0 
.1 
1 .e 
2.3 
3.4 
4.4 
5.5 
6.6 
7.7 
.& 
-
s = 0.c w = 8' __ __ 
.w63 
.oom 
~ 
.0107 
.0105 
.0114 
.0136 
. o m  
. o a 4  
.0270 
.0339 
.042U 
.MY5 
.me9 
.00* 
,0118 
.OlW 
.oi8g 
.0238 
,0299 
.0370 
. d 3  
. o s 2  
.00% 
.010t 
. O W  
,0164 
. O B 4  
.0254 
.03U __ 
- 
1.0: 
1.6' 
4 .o: 
5.4: 
5.9; 
5.9: 
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TABLE I.- EXPERIMENTAL RESULTS - Concluded 
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.0172 
. o u 6  
.0269 
.0335 
.Ob07 
.&9 
. W l  
.0102 
.01a  
.0148 
.Ole5 
.0228 
.0281 
.03b 
- 
L I D  
- 
0.39 
2.28 
3.77 
4.59 
5.02 
5.16 
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- .0037 
- .0035 
- .O& 
--qP. - .WLI 
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CY$ C C 
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TABLE 11.- SUMMARY OF RESULTS 
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.oco2L 
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- .003 
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.007 
.007 
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.0001 
.coo;? 
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- .0020 
.OW4 
0 
.0032 
-0033 
. ooa  
.co21 
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TABLE 11.- SUMMARY OF XESULTS - Continued 
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.OW09 
.OW57 
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.m3 
.003 
.003 
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.002 
.001 
.001 
- -002 
- .001 
0 
- .005 
- -004 
- .001 
- -003 
- .a32 
- .a32 
.WE 
- .001 
Ani3 
."YL -
0003 
0001 
,0001 
,0001 
,0001 
.0001 
,0002 
-0003 
.coo2 
.om6 
.0002 
.coo2 
.om2 
.a305 
.om9 
.0013 
.ooll 
.con 
.0001 
.ow9 
.0003 
.I3008 -
0.0001 
- .OW4 
- .0003 
- .0006 
- .0015 
- .0015 
- e0013 
- .0014 
- .0014 
- .0020 
- .0028 
- .002l 
.OO@ 
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Configuration 
Fins off, ic = 3O, = 0' 
'u le. .-; .. 
TABLE 11.- SUMMARY OF RESULTS - Concluded 
(c) M = 4.0 
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Note: A l l  dimensions in inches. 
Moment reference 
,502 dia. 
Section A-A Section E-B Section C-C 
Airfoil Section 
(wing, canard, and fins) Short nose 
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(a) Model configuration. 
Figure 1.- Test model. 
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Figure 9.- Incremental changes i n  maximum l i f t -d rag  r a t i o  as a function 
Of wing-tip droop angle for several  spanwise hinge-line locations.  
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Figure 10.- Incremental changes i n  maximum l i f t -drag  r a t i o  as a function 
of wing-tip droop angle f o r  several values of hinge-line cant angle. 
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Figure 12.- Variation of t he  aerodynamic charac te r i s t ics  of the  t e s t  
model with varying canard incidence angle with t i p s  undrooped and 
with S t / S  = 0.16, w = Oo, 6 t  = 90'. 
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Figure E.- Continued. 
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Figure E,- Concluded. 
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